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farming industry and therefore effective therapeutic agents are needed to control outbreaks 26 caused by this pathogen. Thus, accurate methods to test new antiviral compounds need to 27 be developed. Our goal was to establish a model system for testing novel antivirals with 28 potential applications to aquaculture. In a previous study a TaqMan® real-time RT-PCR 29 assay was designed to detect and quantitate VHSV in rainbow trout tissues (Chico et 30 al.,2006) . In this report, we applied the real-time RT-PCR assay to the evaluation of the 31 inhibitory effect of ribavirin, a well-known broad spectrum antiviral drug, in a cell culture 32 system. When added from the beginning of the infection, ribavirin caused a dose-dependent 33 reduction of VHSV RNA accumulation. Real-time RT-PCR measurements showed 99.8% 34 inhibition at 25µg/ml ribavirin, with an IC50 of 0.43µg/ml. Ribavirin maintained its 35 inhibitory activity against VHSV when added at 6 hours post-infection. Quantitation of N 36 protein messenger RNA and plus-stranded RNA showed a substantial decrease of viral 37 transcription in ribavirin-treated cells. Partial reversion of the effect of ribavirin by addition 38 of GTP was observed, confirming that ribavirin targets the synthesis of guanidine 39 nucleotides in the cells. This is the first report of a real-time PCR-based assay for 40 addressing the efficacy and mechanism of action of an antiviral agent for rainbow trout. 41 mortality rates, occurring usually among juvenile fish. VHSV belongs to the 48
Novirhabdovirus genus of the Rhabdoviridae family, a group of bullet-shaped enveloped 49 viruses containing one molecule of negative-sense single-stranded RNA, coding for the 50 nucleoprotein (N), the glycoprotein (G) and four other viral genes (3´-N-P-M-G-NV-L-5´) 51 which are expressed as individual transcripts (Schütze et al., 1999) . 52
Search for specific and efficacious antiviral compounds is a matter of concern in the 53 control of fish virus infections. This search should be done in combination with an 54 experimental technique capable of providing rapid and reliable evaluation of the efficacy of 55 We report in this paper the employment of a Q-RT-PCR assay with the fluorogenic 82 TaqMan® probe to study the effect of ribavirin on VHSV replication. We characterized the 83 effect of ribavirin on viral total RNA, plus-stranded RNA 
Determination of VHSV susceptibility to ribavirin by real-time RT-PCR 161
In the initial evaluation of the toxicity of ribavirin on the EPC carp cell line we 162 determined that it did not exert a cytotoxic effect at concentrations ≤ 100 µg/ml. Numbers 163 of viable living cells in cultures treated with 100µg/ml ribavirin for 14 hours were 127.4 ± 164 17.1% compared to the untreated controls (100 ± 9.8%). Past reports had shown a ≈60% 165 suppression of cellular RNA synthesis by 50 µg/ml ribavirin in a hamster cell line (Toltzis 166 and Huang, 1986). Thus, the dose-effect study of ribavirin was carried out at concentrations 167 ranging from 1 to 25 µg/ml, examining cytopathic effect and measuring virus yield. A very 168 strong inhibition of virus production was observed at 5, 10 and 25 µg/ml ribavirin (Fig. 1,  169 table). Virus titers in the infected cells supernatants were 4 to 5 logs lower in those cells 170 where ribavirin was added at the beginning of the infection (0 hours p.i.). No toxic effect 171 was observed up to 25 µg/ml ribavirin. 172
To investigate whether our Q-RT-PCR protocol could be suitable to measure 173 the inhibitory effect of ribavirin on virus replication, VHSV-infected EPC cells were 174 incubated with concentrations of ribavirin ranging from 0.1 µg/ml to 25 µg/ml and VHSV 175 RNA levels at 9 hours p.i. were determined by Q-RT-PCR (Fig. 1) . A dose-dependent 176 inhibition of VHSV RNA accumulation was found in the cells treated with ribavirin: 83.3% 177 inhibition at 1 µg/ml ribavirin, 93.9% inhibition at 10 µg/ml, and 98.5% inhibition at 25 178 µg/ml (the latter point is not shown in Fig. 1 ). Ribavirin inhibitory concentration 50% 179 (IC50) was calculated after fitting data points to a curve by using the Origin™ 7.0 software: 180 IC50 = 0.43 µg/ml (1.76 µM). The closest concentration to the IC50 tested in the 181 experiment was 0.5 µg/ml ribavirin, resulting in 54.9% inhibition of VHSV RNA synthesis. 182
To further examine the effect of ribavirin on VHSV, total RNA was extracted from 185 infected EPC cells from 2 to 10 hours p.i. Q-RT-PCR measurements of viral RNA 186 accumulation reflect the progress of infection (Fig. 2) 
Analysis of VHSV plus-stranded RNA in ribavirin-treated cells. 219
To further examine the effect of ribavirin on VHSV RNA accumulation minimizing 220 potential problems with secondary structures in RNA templates during cDNA synthesis, a 221 Q-RT-PCR protocol using a sequence-specific primer and high temperature reverse 222 transcription was developed. EPC cells were infected with VHSV and 25µg/ml ribavirin 223 was added at 6 hours post-infection. RNA was extracted at 7, 8 and 9 h p.i. and the N gene 224 sequence specific primer N996rev was used to convert plus-stranded VHSV RNA to cDNA 225 in a RT reaction with Tth DNA polymerase at 70ºC prior to TaqMan® real-time PCR 226 analysis. Total cDNA was also synthesized with random hexamers and MMLV reverse 227 transcriptase (at 37ºC) for β-actin RNA quantitative analysis (Fig. 4) Therefore, some reversion of ribavirin action should be achieved by replenishing GTP 240 levels, as it has been shown in VSV-infected cells (Toltzis and Huang, 1986 ). In VHSV-241 infected EPC cells viral RNA levels raised from 2.46 ± 0.24% to 27.79 ± 3.07% when GTP 242 was added to the ribavirin-treated cells (Fig. 5) 
